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Morphogenetic Responses of Triticum aestivum L. Calus
Culture During Long-Term Effect of Low Positive Temperatures

Pecpepar: Y poboTi npeactaBneHo pesynbraTyt 4OCNIMKEHHS BNAMBY XONOAOBOI ekcrno3uuii npy 4°C Ha xnopodino-, remo- 1a pu-
30reHes y KartoCHIN KynbTypi COPTIB MLEHUUi M’SKOi 03umoi. Byno BCTaHOBNEHO 3aKOHOMIPHOCTI MpoueciB MopdporeHesy y KynbTypi
in vitro nweHnui M'aKoi 03MMOI 3a pisHoi TpueanocTi aii (15, 30 Ta 45 fi6) no3nTMBHOI NMOHWXKEHOI TemnepaTtypu. BukopuctosyBanm
KancHy Kynetypy 2-3-ro nacaxis coptieB — [opigHa, CtatHa Ta AcTteT. PesynstaTv eKCnepuMeHTiB nokasanu, Lo 3a nonepea-
HbOI spoBu3alii kantocie nporarom 30 Ta 45 fi6 3HA4YHOK MIPOK CTUMYMIOIOTECA XMOPOMINo- Ta remoreHes, Mg 4Yac noAarnbLLoro
KyNnbTMBYBaHHS Lie NiABULLYE YaCTOTY OTPUMAaHHSA POCNMNH-pereHepaHTiB. EQPeKTUBHICTbL AaHNX NpoLEeciB 3anexuTb Bif reHoTUny BuXia-
HOro copTy Ta TpuBanocTi Aii xonogosoi 06pobku. MNpunyckaeTbes, WO y KamCHIN KynbTypi NWEHUL M’SKoi 031MOi MoXe BigbyBaTucs
SipoBU3aLlis, MOB’si3aHa 3 ekcnpecieto reHiB VRN, sika NposiBNAETbCSA y 3MiHi NpoLeciB MopdoreHesy.

KntouoBi cnoBa: Triticum aestivum L., kantocHa KynbTypa in vitro, renn VRN, spoBu3alisi, MopdoreHeTUYHi peakLii, xnopodinoreHes,
reMoreHes, pu3oreHes.

Abstract: The paper presents the findings on the impact of cold exposure at 4°C on chlorophylogenesis, hemogenesis
and rhizogenesis in callus culture of winter wheat cultivars. The patterns of morphogenesis in the soft winter wheat in vitro culture
during exposure to positive low temperature of various durations (15, 30 and 45 days) have been established. The callus culture of 2—
3 passages of cv. Doridna, Statna and Astet was used. The results of experiments showed the preliminary vernalization of calluses
for 30 and 45 days to strongly stimulate the chlorophylogenesis and hemogenesis, thereby increasing the frequency of obtaining
the regenerant plants during further cultivation. The efficiency of these processes depended on the original cultivar genotype and cold
treatment duration. The vernalization, associated with the VRN genes expression, manifested in morphogenesis change, was assumed to

occur in the soft winter wheat in vitro culture.

Key words: Triticum aestivum L., in vitro callus culture, VRN genes, vernalization, morphogenetic responses, chlorophylogenesis,

hemogenesis, rhizogenesis.

[Mrenunst M’sika 03MMa — OCHOBHA MPOAOBOJIBYA
KyJBTYpa B CBITOBOMY 3eMiiepoOCTBi Ta YkpaiHi [7],
TOMY JOCHIDKESHHS 3aKOHOMIpHOCTEH ii pocTy i po3-
BUTKY Ha Pi3HUX PIBHSX OpraHizauii Mae BUpilIaibHe
3HAYEHHS JJIs CTaOlIbHOCTI BpoXkaiB [8].

Ji1s CTBOpPEHHST HOBUX Ta OLNBIN JOCKOHAIUX CO-
PTiB TIICHUII M’SIKOi 03UMOI IIHPOKO BHUKOPHCTO-
BYIOTBCS MeTOmHu (iTOOIOTEXHOJOTII — KYJIBTHBY-
BaHHSI POCJIMH B YMOBax in vitro [5] Ha manwmii gac
PO3pOOIISIFOTECS Pi3HI MIAXOMHU IO TOCTIHKSHHS MOP-
(hOTCHETHYHMX MPOIECIB Y KaIIOCHUX KYJIBTYypax,
BUBYAETHCS BIUIMB 30BHIIMIHIX (PAKTOPIB 3 METOIO PO-
3pOOKH TEXHOJIOTil CTBOPEHHSI CTIMKHX 1O HECTIPHSAT-
JIMBHUX YMOB cepefoBuILa coptis [7, 14, 21]. 3amxeny
TEMIIEpaTypy 3aCTOCOBYIOTH SIK (DaKTOp MiJBUILECHHS
edexTuBHOCTI aHaporenesy. [lokazano, mo BUTpH-
MYyBaHHS KOJIOCCS MIIEHWIl Ta SYMEHIO, OyTOHIB
KapToILTi Ta TIOTIOHY 3a 7—14°C crpusie 30inbIeH-
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Soft winter wheat is a major food crop in
the world and Ukrainian agriculture [16], there-
fore to study the patterns of its growth and
development at different organization levels is of
crucial importance for crop stability [17].

The phytobiotechnology tools i. e. in vitro plant
culture have been widely used to create the novel
and more advanced soft winter wheat cultivars
[11]. Currently, various approaches to investigate
the morphogenesis in callus cultures are developed,
and the impact of external factors is under study
to design the technology for creating the cultivars
resistant to adverse environmental conditions [2,
15, 16]. The low positive temperature is used as
a factor of increasing the androgenesis efficiency.
The exposure of wheat and barley ears, potato
and tobacco buds at 7-14°C was shown to augment
the embryoid number [8]. The impact of low
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HIO KiJIbKOCTI eMOpioifiB [4]. BruuB 3HMkEHOT TeM-
neparypu Ha Mpolecu MopQoreHedy B KaJIOCHUX
KyJIbTypax JOCIiPKEHO HelocTarHbo. Hapasi manuit
(bakTOp BUKOPHCTOBYIOTH TiJTBKH JJISI BHSIBICHHS
CTPECOBUX pEAaKIlii y KajrocaxX, 30KpeMa, XOJOJ0-
1 MOpPO30CTIHKOCTI, HAKOITUYCHHS TPUPOTHUX Kpio-
nporektopiB (OinkiB, BymmeBomiB) [16, 20]. Taki
poOoTH HaOyBarOTh Ba)KJIMBOTO 3HAYEHHS IS PO3-
IIMPEHHSI HASBHUX YSBJICHb IPO 3aKOHOMIPHOCTI
nepediry nporneciB MopdoreHe3y B KyIbTypi in vitro
nuIeHuIi M’sikoi o3umoi. [Ipote He BU3Ha4YeHa pPOJIb
reHiB VRN y perymsuii mopdorenesy. Bimomo, mio
Ui TeHU AETepMiHYIOTH MoTpeOy B sSpoBHU3allii, He-
OOXimHIA AN Tepexony POCIHMH MIICHUII O3UMOi
B reneparuBuuil cran [10, 18, 19]. Ha nanuii yac
JIOCHUTB TITHOOKO JTOCIIIKEeHI (DeHOTUTIOBI €(PEeKTH Te-
HiB VRN Ha TeMIu po3BUTKY MIIeHHI 03uMoi [11,
22], a TakoX MOJEKYIIPHO-010JIOTIYHI MeXaHi3Mu
ixHbO1 excrpecii [ 12, 13]. Ciig 3a3HaunTH, 110 BILTUB
reriB VRN Ha Mop(doreHeTHydHi MpouecH B KyJabTypi
in Vitro TIPaKTUYHO HE BHBYCHHM, X0ua pPOOOTH Y
IBOMY HAaIpsMi BaXIIUBI JUIsl PO3YMIiHHSI MEXaHI3MiB
CTaOUTPHOCTI TCHETUYHHMX CHUCTEM PEryJsiii po3-
BUTKY MUICHHUIII 03UMOi B YMOBaX MOPYLICHHS Iiic-
HOCTI POCIMHHOTO opradizmy. Bimomo, mo y manoi
KyJABTYpH TeHH VRN 3HaxXomsThCs B PEIECHBHOMY
CTaHi, aje mij BILIMBOM sIpOBHU3allii BiOyBaeThCs 1X
eKCIpecis, 0 HeOOXiTHO IS TepexXoay POCIUH JI0
KOJIOCIHHS Ta TutomoHomreHHs [10, 18]. ﬁMOBipHO,
BILUTMB IMOHIDKEHOI TeMITepaTypu Ha KalllOCHY Kyilb-
Typy MOXE 3YMOBHUTH €KCIIpecito TeHiB VRN, 1o
MoMi0OHO IO TIPOIIECIB Y poCiIMHAX abo MpOpOCTKax
IIICHUILI 03UMOI B YMOBAX in Vivo.

Merta poOOTH — BCTAHOBJICHHS XapakTepy Ta iH-
TEHCUBHOCTI MOP(OTreHETHYHUX TPOIECIB Y Kyilb-
TYPpI in Vitro IIeHUII M’ SKOi 03UMOI 3a Pi3HOT TpHBa-
JOCTI Ai1 3HMKEHOT TeMIIepaTypH.

Marepianu i MeTonH

VY nmocmikeHHI OyaM BHKOPUCTaHI TPU COPTH
mmreHnIl M akoi o3umoi  Triticum aestivum L. —
Hopimna, Craraa i Acter (cTBOpeHi B IHCTHTYTI
pocmuaEENTBA iM. B.SI. IOp’eBa HAAH VYkpaiam),
AKi € BHUCOKOTPOAYKTHBHHMH, CTIHKMMH 10 aio-
THYHAX Ta OIOTMYHMX YMHHUKIB, MArOTh IIiABHIIE-
HY MOpPO30CTiliKicTh. JloCHipKyBaHi COPTH BHECEHI
0 JlepaBHOTO PEECTPY COPTIB POCIHMH YKpai-
HU.

Jnisi BUKOHAHHSI €KCIIEPUMEHTY MPOBOAMIHN TEM-
MopasibHy SIPOBH3ALII0 O3MMOI MIICHHUI: KaJIOCH
MIEPBUHHOIT KYJIBTYPH BUTPUMYBAJIM B yMOBaxX 3HH-
xenoi temrieparypu (4°C) mpotsirom 15, 30 1 45 1i6
32 yMOB KYJIGTUBYBaHHS Ha YKHBHIFHOMY CEPEIOBH-
mi Mypacure i Ckyra (MC) i3 nomaBaHHAM 2 MT/J
2,4 muxmopdenokcnonToBoi kucmoth. Ilicas Tep-
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positive temperature on morphogenesis in callus
cultures has remained poorly studied. Currently,
this factor is only used to detect the stress responses
in calluses, in particular, cold and frost resistance,
accumulation of natural cryoprotectants (proteins,
carbohydrates) [7, 14]. These reports are of great
importance to expand the existing ideas about
the morphogenesis course regularities in the soft
winter wheat in vitro culture. However, the role
of VRN genes in morphogenesis regulation has
not been defined yet. These genes are known to
determine the need for vernalization, being ne-
cessary for winter wheat plant transition to ge-
nerative state [10, 13, 23]. At present, the phenotypic
effects of VRN genes on development rates
of winter wheat [12, 18], as well as molecular and
biological mechanisms of their expression [1, 22]
have been studied quite thoroughly. Notably, that
the impact of VRN genes on morphogenesis in
the in vitro culture has remained virtually unstu-
died, although the research in this direction is im-
portant to understand the mechanisms of genetic
system stability for regulating the winter wheat
development when the plant organism’s integrity
is compromised. In this culture, the VRN genes
are known to be in a recessive state, but under
vernalization impact their expression occurs, that is
necessary for plant transition to earing and fruiting
[10, 23]. The impact of positive low temperature
on callus culture likely stipulates the VRN genes
expression, being similar to the in vivo processes
in the winter wheat plants or seedlings.

The research aim was to explore the nature
and intensity of morphogenetic processes in
the soft winter wheat in vitro culture under expo-
sure to low positive temperature of different du-
ration.

Materials and methods

Here, we have used three cultivars of soft
winter wheat Triticum aestivum L.. Doridna,
Statna and Astet (created at the Plant Production
Institute named after V.Ya. Yuryev of the Na-
tional Academy of Agrarian Sciences of Ukraine),
being highly productive, resistant to abiotic and
biotic factors, and having increased frost resis-
tance. The studied cultivars are included in the
State Register of Plant Varieties of Ukraine.

To perform the experiment, the winter wheat
was temporarily vernalized, i. e. the calluses of
the primary culture were exposed to low positive
temperature (4°C) for 15, 30 and 45 days, when
cultured with Murashige and Skoog (MS) nutrient
medium, supplemented with 2 mg/l of 2.4 dich-
lorophenoxyacetic acid. After thermal induc-



MOIHIYKLIi KaJIIOCH MacHBYBaJll Ha pereHepauiliHe
cepenosuie (PC), mo ckiamy sSKOTO BXOAWIH Ce-
penosuiie MC nonoBHeHe (QiTOropMOHAMU: 3 ML/
6-6em3mnaminonypuny i 0,5 mr/n HadTHIONTOBOT
kucnoty. KynsruByBanmm B moMiHecTaTi (IHTEHCHB-
HICTh OCBITJICHHS — 2 KJIK, ¢oronepioq — 16/8 ro-
IvH (IeHb/Hiv), Temmeparypa — (19 + 3)°C).

KoHTponsHUM BapiaHTOM OyJH KallloCH Tiepecall-
KOBOT KYJIBTYPH, SIKI KYJIFTHBYBAaJIH B TEPMOCTATI TIPH
26°C nporsirom 15, 30 1 45 ni6 Ta ogHOYACHO 3 AOC-
JMiHUMH 3pa3kamMu nacuByBain Ha PC i mepeHocu-
'y mominectar. [licns 4—6 THKHIB KyJlIbTHBYBaHH:I
B KOHTPOJIbHUX Ta JOCIIIHUX KaJrocax aHalli3yBaju
e(eKTHBHICTb XJIOopodinorenesy (0i0CHHTE3 XJIOpPO-
(biny), remoreHe3y (PO3BHTOK HaJ3€MHOI YacCTHHU
POCIMHHOTO OpraHi3my) Ta pH30reHe3y (PO3BHTOK
KOpPEHEBOI CUCTEMH).

Jns oTpuMaHHS MEPBUHHOT KaJllOCHOT KYJIBTYpHU
BUKOPHUCTOBYBJIM 3PUTI 3apPOAKH IIIICHUIT, SKI BU-
IUTSITH 13 3epHIBOK B aceNTHYHHX yMoBax [2, 23].
Ham ix crepunizyBamn 20 xB 15%-M po3unHOM
rIMOXJIOPUTY Harpiro, Tpuui npomuBaiu (o 10 xB)
JUCTUJILOBAHOK BOJIOK0, TMOMIIAJIM B CTEPUIIbHI
qamku [letpi Ha Bomoruit QinbTpyBasbHHI Hamip
i mpopoiyBanu 36—48 romuH 10 HAKIbOBYBAaHHS
y TepmocTari npu 26°C. I1oTiM y cTepuiIbHUX YMOBaxX
JaMiHap-00KCy i3 3€pHIBOK BUAUIUIM 3apOIKH, SIKi
o 7—10 mTyk nmomimanu B crepuibHi gamku [letpi
Ha cepenosuimie MC + 2 mr/n 2,4 nuxnopdeHokcu-
OIITOBOi KHCJIOTH ISl 1HAYKIi KamocoreHesy. [30-
JbOBaHI 3apONKH KYJIBTUBYBAIM Y TEPMOCTaTi B
tempsiBi mpu 26°C. Yci mpouemypu 3aiHCHIOBAIA
3a po3pOOJICHNMH HaMH ITPOTOKOIAMH [2].

VY KamocHii KynapTypl BH3Hauaid e(EKTHBHICTb
KaJIIOCOTEHE3Y 3a BIJICOTKOM 3apOJIKiB, siKi chopMyBa-
JIM KaJIOCHY TKaHWHY (3arajbHa KiUIbKICTh KaltoCiB/
3arajibHe YUCIIO 3apOJIKiB), Ta e(peKTUBHICTH MOP(O-
reresy (y BiJICOTKax) 3a MOKa3HUKAMH XIJIOPOQiso-,
reMo- Ta pHU30reHe3y (3arajibHe 4MCIO MOpQOreH-
HHX KaJIOCiB/3arajibHa KUTBKICTh KaJfOCiB).

VY pobGoti Oyno mpoBeneHo TpH He3alekHi cepii
EKCITePUMEHTIB TSI KOOKHOTO COPTY TIIICHHUIII.

OTpumaHi JaHi CTAaTUCTUIHO OOPOOISIH 3 BHKO-
PUCTaHHAM METOMy IapHOTO TMOPIBHSHHS CEpeaHiX
3a t-xkputepiem CterogenTa mpu p < 0,05 [3].

Pe3yabTaTn Ta 06roBOpeHHs

g oneprkaHHs MepecaakoBOi KyJabTypu (Hapo-
LIyBaHHS KaJIOCHOI TKAaHMHU) 3apOIKU KYJIBTUBY-
Banu Ha cepenosuili MC mpotarom 25-28 ni6. Y
MIEPBUHHIA KyJIbTypi BH3HAYaJIU €(EKTUBHICTh Ka-
JIFOCOTEHE3y MOCIIDKYBaHUX COpTiB. Pesymbsratn mo-
Ka3ajd, 110 3a MM IOKAa3HUKOM COPTH BiIpi3HSINCS
TUTBKHA TIPOTSATOM 7 M0 BiJ TMOYaTKy KyJBTHBYBAHH.
VY copriB CratHa i ActeT e(pEeKTHUBHICTH KallFOCO-
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tion, the calluses were passaged onto regeneration
medium (RM), included MS medium supplemented
with phytohormones: 3 mg/l of 6-benzylaminopurine
and 0.5 mg/l of naphthylacetic acid. Cultivation
was carried out in a luminestat (2 kilx illumina-
tion intensity, 16/8 hours (day/night) photoperiod,
(19 £ 3)°C temperature).

The control variants were the calluses of rep-
lanting culture, which were cultivated in a ther-
mostat at 26°C for 15, 30 and 45 days, passaged
with RM and transferred to a luminestat simul-
taneously with the experimental specimens.
After 4-6 weeks of cultivation, the control and
experimental calluses were analyzed for the
efficiency of chlorophyllogenesis (chlorophyll bio-
synthesis), hemogenesis (development of aerial
plant part) and rhizogenesis (root develop-
ment).

To obtain the primary callus culture, there
were used the mature wheat germs, isolated from
the caryopses in aseptic conditions [5, 19]. Next,
they were sterilized for 20 min with a 15% sodium
hypochlorite solution, washed thrice (10 min each)
with distilled water, placed in sterile Petri dishes
on moist filter paper and germinated for 3648 hrs
in a thermostat at 26°C until swelling. Then,
under sterile conditions of laminar box, the germs
were isolated from caryopses, and 7-10 of them
were placed in sterile Petri dishes on MS me-
dium + 2 mg/l of 2.4 dichlorophenoxyacetic acid
for callusogenesis induction. The isolated germs
were cultured in a thermostat at dark at 26°C. All
the procedures were carried out according to the
protocols we developed [5].

In the callus culture, the efficiency of calluso-
genesis was calculated by the percentage of germs
that formed callus tissue (total number of calluses/
total number of germs) and that of morpho-
genesis (in percentage) was done by chlorophyll-,
hemo-, and rhizogenesis indices (total number
of morphogenic calluses/total number of cal-
luses).

Here, three independent series of experiments
were carried out for each wheat cutivar.

The obtained data were statistically processed
using the method of pairwise comparison of
the means by the Student’s t-test at p < 0.05 [3].

Results and discussion

To obtain a replanting culture (growth of
callus tissue), the germs were cultivated with the
MS medium for 25-28 days. In the primary cul-
ture, the callusogenesis efficiency of the studied
cultivars was determined. The findings showed
that the cultivars differed by this index within
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EdekTUBHICTb NEPBUHHOIO KankocoreHeay CopTiB MLLEHNUL M’KOi 03UMOT
Efficiency of primary callusogenesis of soft winter wheat cultivars

7 days only from the beginning
of cultivation. In cv. Statna

and Astet, the callusogenesis

EcbekTuBHiCTb KanocoreHesy 3a KynbTuByBaHHA, % 1 1 1
Callusogenesis efficiency under cultivation, % eiﬁmency WaS. Slgnlﬁcantly
Copr nusermi higher vs. Doridna. This was
Wheat cultivar likely due to genotypic features

7 ni6 14 pni6 . . .
7 days 14 days of the studied cultivars, since
the introduction of germs in-
_ to the culture and morpho-
Boriana 56,7 = 2,8 100,0 + 4,3 genetic processes depended on
donor genotype [7, 9, 20]. To
day 14 of incubation, this index
Cramia 75,0 + 3.8 100.0 + 4.5 was the same in all the cul-
tatna .
tivars (Table).

The obtained replanting cal-
lus culture was used to determine

Acter 75,0 = 3,8 100,0 + 4,3 i
Astet the effect of low positive tem-
perature on the nature and

reHesy Oyja 3HAuHO BUINA Y TIOPIBHSHHI 3 COPTOM
Hopinna. BiporijHo, 11e MOB’53aHO 3 T€HOTUIIOBUMHU
0COOMBOCTSAMHU JOCHIUKYBaHUX COPTIB, OCKIIBKH
BBEACHHS 3apOJKIB B KYyJBTYpy 1 MOp(OreHeTHYHI
IIPOLIECH 3aJIeXKAaTh BiJl TeHOTHITY foHOopa [16, 17, 24].
Ha 14-ty noOy iHkyOarmii y Bcix COpTIB Ieil mokas-
HUK OyB OHAKOBUM (TaOJHIIS).

OpnepxaHy NEpecaskoBy KalIOCHY KYJIBTYypYy BH-
KOPHUCTOBYBAJIM IIJIsl BH3HAUCHHS il 3HIKEHOT TEM-
reparypu Ha XapakTep Ta IHTEHCHUBHICTH MoOpQo-
TeHETHYHHUX TpoIieciB (puc. 1, A).

Pesynpratn mokasamu, mo micias  15-mo0oBoi
I 3HIKEHOI TeMIIepaTypu y Kalltocax ycix JOoCiiji-
KYBAaHMX COPTIB CTHMYJIOBAaBCS MPOLEC XJIOPO-

¢inorenesy, HailOLIBII 1HTEHCUBHO — Yy COpPTY
AcTeT, HalMEHII 1HTEHCUBHO — Yy copty [opigHa
(puc. 2, A).

BiporigHo, 110 pi3HHUI COPTIB MIIEHUIII 32 MPO-
ecoM XJopodiToreHe3y MOB’s3aHa 3 iXHIMH Te-
HOTHTIOBUMH BiIMiHHOCTSIMH — 3/aTHICTIO YTBO-
proBatd XJOpoi y CHUCTEMI in Vitro Ta PEaKIi€elo
Ha YMOBH KYJIbTUBYBaHHS KaJIOCIB.

AHani3 reMorene3y mokasas (puc. 2, B), mo mis
3HMKEHOI TeMIlepaTypyd BHUKJIMKaia HOro icror-
Hy crumymsnito. [Ipn npoMy MakcumalibHa iHTEH-
CHBHICTh TeMOreHe3y Oyna y copTy ACTeT, a MiHi-
ManbHa — y copTy [opinHa. Copt AcTteT nposiBisiB
TEHJICHIIII0 10 3pOCTaHHs IHTEHCHBHOCTI TeéMOTCHe-
3y 3a MOHMXKEHOI Temreparypu. Bimomo, mo remo-
reHe3 — II€ YTBOPEHHS y KalltlocaX MEPUCTEMHHX
OCepelKiB, y SIKUX BimOyBaeTbcs audepeHtiiaris
MoposoTiyHNX CTPYKTYyp (YTBOPEHHS 3adaTKiB
cTebra, JTUCTKIB Ta KOPEeHIB a00 KBITKOBHX TeHEpa-
TUBHUX OpyHBOK) [6]. [Ipu 1boMy BOHU (hOPMYIOTH-
sl TI0 Kpasix KallociB ab0 MOXYTh 3ariIMOIIOBATHCS
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intensity of morphogenetic pro-
cesses (Fig. 1 A).

A 15-day exposure to low positive temperature
showed the chlorophyllogenesis stimulation in
calluses to occur in all the studied culitvars, it did
most intensively in cv. Astet, and least intensively
in cv. Doridna (Fig. 2A).

Differences between the wheat cultivars by
chlorophyllogenesis are likely related to their ge-
notypic distinctions, i. e. the ability to form chlo-
rophyll in vitro and the response to callus cultiva-
tion conditions.

The hemogenesis analysis revealed (Fig. 2B)
the effect of low positive temperature to induce its
significant stimulation. Herewith, cv. Astet had
the maximum intensity of hemogenesis, and the
minimum one was in cv. Doridna. The cv. Astet
showed a tendency to increase the hemogenesis
intensity at low positive temperature. It is known
that the hemogenesis is formation of meristem
foci in calluses, where the differentiation of mor-
phological structures (formation of primordia
of stem, leaves and roots or flower generative
buds) occurs [24]. At the same time, they are
formed on the edges of calluses or they can pe-
netrate into their tissue [21]. Therefore, more
intensive hemogenesis in calluses of all the wheat
cultivars under the impact of low positive tempe-
rature as compared with the control testified to
its favorable effect on differentiation processes.
The difference in hemogenesis frequency in cal-
luses indicated the genotype dependence of cul-
tivars on this factor.

The rhizogenesis frequency after 15-day tem-
perature exposure approached the control (Fig. 2C).
An increased rhizogenesis was observed in cal-
luses of cv. Statna and Astet as compared with



Puc. 1. MopdoreHeTuyHi peakuii KantocHOI KynbTypy MeHuUi M'SKkoi 03MMoi: A — nepecagkoBa KantiocHa KyrnbTypa;
B — koHTponbHui BapiaHT nicnga 45 fi6 3a 26°C; C — xnopodinoreHe3 Ta pusoreHes nicns 30 gi6 3a 4°C; D — re-
MopusoreHes Ha PC; E — pocnuHu-pereHepaHTy copTy ACTeT.

Fig. 1. Morphogenetic responses of soft winter wheat callus culture: A — replanting callus culture; B — control variant
after 45 days at 26°C; C — chlorophyllogenesis and rhizogenesis after 30 days at 4°C; D — hemorhizogenesis on RM;

E — regenerant plants of cv. Astet.

y ixHi0 TKaHuHy [9]. OTxe, OiNblI IHTEHCHBHUI
FeMOTeHEe3 y KaJlocaXx yCixX COPTIB MINCHHMIN 3a Jii
3HMKEHOI TEeMIepaTypH Yy MOPIBHSIHHI 3 KOHTPOJEM
CBIAYUTH NpO i COPUSTIMBY [Iil0 Ha MPOLECH IH-
(epenmianii. Pi3HULSA 9acTOTH reMoreHesy y Kajro-
cax BKa3zy€ Ha T€HOTHUIIOBY 3aJIeKHICTh COPTIB BiJ
poro (hakropa.

Uacrora puzoreHesy micist 15-1000Boi TeM-
TepaTypHOi eKCITO3WINii Habirkamacs OO0 KOHTPO-
mo (puc. 2, C). Y kamocax copriB CratHa i AcTeT
CIIOCTEpIrajay MiIBHUINCHUNA pPHU30TCHE3 TMOPIBHS-
HO 3 coproM J[lopimna. Orxe, 15-mo6oBa oOpoOKa
3HMKEHOI0 TEMIIepaTypolo He BIUIMBalla Ha LeEi
MIPOIIEC, aJie BiH ICTOTHO 3aJIeXaB BiJl TCHOTHUITY.

Pesynbrati Bu3HaueHHS MOP(POTEHETHYHHUX TIPO-
LECiB y KaJrocax JOCIHiIKYyBaHUX COPTIB MIICHHII
micist 30-m1000Boi 1ii 3HIKEHOI TeMIlepaTypHu HaBe-
JIeHo Ha puc. 3. Bigsznayanu modatok audepeHiiia-
Lii KaJIOCHOI KYJIBTYpH 3 YTBOPEHHSIM MEpUCTEM-
HUX 3apOJIKiB 3 HASBHUM XJIOPO(ITIOM Ta KOPIHIIIB
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Doridna. So, a 15-day exposure to low positive
temperature did not affect this process, but it was
highly genotype-dependent.

The Fig. 3 presents the results of determining
the morphogenetic processes in calluses of the
studied wheat cultivars after a 30-day exposure
to low positive temperature. The beginning of
callus culture differentiation with forming me-
ristem germs with the present chlorophyll and
roots was noted (see Fig. 1C). The calluses of cv.
Statna and Astet showed more intense chlo-
rophyllogenesis in contrast to Doridna (Fig. 3A).
Hemogenesis was significantly increased in germs
of all the cultivars under low positive tempe-
rature impact (Fig. 3B). This effect was likely
related to the manifestation of morphogenetic
processes that reflected certain stages of VRN gene
expression. The rhizogenesis occurred quite inten-
sively in all the wheat cultivars (Fig. 3C), but
its frequency in calluses of control and studied
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(muB. puc. 1, C). ¥V kamocax copriB CratHa i Ac-
TET cIIOCTEpirayii OUIbII IHTCHCUBHHMN XJIOpo(iio-
rese3 Ha BiaMiHy Bin copty MHopimHa (puc. 3, A).
[lix BIIMBOM 3HIDKEHOT TEMIEpaTypH y 3apoiKax
yCiX COpPTIB iCTOTHO 3pocTaB remorenes (puc. 3, B).
BiporigHo, Takuwii edeKkT TOB’sI3aHUN 3 TPOSBOM
MOp(OTEeHEeTHYHUX MPOIECIB, SKi BIIOOPaXyrOTh
meBHI eramu ekcrpecii reniB VRN. [lpomec puzo-
reHe3y BiIOyBaBCS JOCTAaTHHO IHTEHCHUBHO Y BCIX
copriB mmenuni (puc. 3, C), olHaK y Kaixrocax COpTiB
HopigHa i Acter BiH OyB OIHAKOBHM 32 YacTOTOIO
y KOHTPOJIHOMY 1 JIOCTITHOMY BapiaHTax. ¥ cOpTy
x CraTHa 3HIDKEHa TeMIIepaTypa iCTOTHO ralbMy-
Bajla YTBOPEHHS KOpIHLIB y Kamrocax. Opepxani
JaHl BKa3ylOTh Ha Te€, 0 MOP(OTeHETHYHI MPOIeCH
y KaJFOCHIM KyJBTypi 3ayiekarh SK Bim Jii MTOHU-
JKEHOI TeMITepaTypH, TaK i BiJ TeHOTHITY copTy [6, 21].

Pesynbratn BU3HA4YE€HHS MOP(OTEeHETUYHHUX pe-
Ak y Kamrocax JOCTIHKYBAaHUX COPTIB TIICIIS
Ji1 TIOHMKEHOT Temmeparypu mpotsrom 45 nib Ha-
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Puc. 2. MopdoreHeTnyHi peakuii (xnopodinoreHes

(A), remoreHe3 (B) ta pwusoreHes (C)) nicna 15-goboBoi
xonogosoi ekcnoauuii (4°C) nepecagkoBoi KantoCHOI Kyrb-
TYpU COPTIiB MLIEHMLi 03UMOI 3a KynbTuByBaHHA Ha PC:

— ekcnoauuia npu 4°C; O — ekcnosuuis npu 26°C;
* — pi3HMLSA 3HadyLLa BiGHOCHO KOHTporio, p < 0,05.

Fig. 2. Morphogenetic responses (chlorophyllogenesis
(A), hemogenesis (B) and rhizogenesis (C)) after
15-day cold exposure (4°C) of replanting callus culture
of winter wheat cultivars when cultivated with RM: m — ex-
posure at 4°C, O — exposure at 26°C; * — difference
is significant as compared with the control, p < 0.05.

variants of cv. Doridna and Statna was the same.
In calluses of cv. Astet, the low positive tempe-
rature significantly stimulated the root formation.
These findings showed the morphogenetic pro-
cesses in callus culture as dependent on both the
effect of low temperature and cultivar genotype
as well [15, 24].

The Fig. 4. demonstrates the results of determi-
ning the morphogenetic responses in calluses of
the studied cultivars after exposure to low tempera-
ture for 45 days. A quite developed root system
and formation of green leaves were noted (see
Fig. 1D). A cold exposure of this duration was
shown to promote an intensive chlorophyllogenesis
in calluses of all the wheat cultivars (Fig. 4A).
Herewith, in calluses of cv. Doridna it was the
highest, in those of Statna and Astet it was equal,
but lower than in Doridna calluses. Thus, the cul-
tivars were different in chlorophyll synthesis,
which was likely due to their genotypic charac-
teristics. The results of hemogenesis determining
showed it as nearly absent in the control va-
riant of wheat calluses of all the cultivars, i. e.
the rates of meristem primordia formation were
1-2% (Fig. 4B, see Fig. 1B). However, in the
studied variant, these foci in calluses of cv.
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BelleHO Ha puc. 4. Bijg3Hauamm IOCHUTH PO3BUHEHY
KOPEHEBY CHCTEMY Ta YTBOPECHHS 3€JECHHX JIHCTKIB
(muB. puc. 1, D). [lokazano, mo XoJjomoBa €KCITO-
3UINST Takoi TPHUBAJIOCTI CHpHsAIa IHTCHCHBHOMY
xjopodisioreHe3y y Kamocax yciX COPTIB MIICHHII
(puc. 4, A). Ilpu mpomy y kamocax copty Hopin-
Ha BiH OyB HaiiOunblMi, y Kamocax coptiB CraTHa
1 AcTeT — OJIHAKOBUM, alie¢ HIKYUM HIK y KaJlto-
ciB copry [opinna. Orxe, 3a CHHTE30M XJIOPOdiTy
COPTH BIJPI3HSUIMCS, 1110, BIPOTiAHO, 3yMOBIIEHO iX-
HIMH TEHOTHUIIOBUMH OcoONMBOCTSIMH. Pesynbratu
BU3HAYEHHSI TIPOIECY T'€MOreHe3y I0Ka3ald, MI0
Yy KOHTPOJBHOMY BapiaHTi KaJrOCiB TIIIEHHUII BCiX
COPTIB BiH TPaKTUYHO HE BifOyBaBCA: TOKa3HU-
KM yTBOPEHHS MEpPUCTEeMHHX 3a4arkiB Oymu 1-2%
(puc. 4, B, muB. puc. 1, B). Ilpore y mocmimHo-
My BapiaHTi Taki ocepeiaku y Kajrocax copTiB [lo-
piana, Craraa i Acrer cranoBuwiu 35, 30 1 12,5%
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Puc. 3. MopdoreHeTnyHi peakuii (xnopodinoreHes (A),
remoreHes (B) ta pusoreHes (C)) nicns 30-go6oBoi xorno-
poBoi  ekcnosumuii  (4°C) KantiocHOI  KynbTypu  COpTiB
nweHuui 03MMoi  3a KynbTuBYBaHHs Ha PC: —
ekcnosuuist npu 4°C; O — ekcnosuuis npu 26°C; * — pi3Hu-
L 3HavyLla BiAHOCHO KoHTponto, p < 0,05.

Fig. 3. Morphogenetic responses (chlorophyllogenesis
(A), hemogenesis (B) and rhizogenesis (C)) after
30-day cold exposure (4°C) of callus culture of winter
wheat cultivars when cultured with RM: — exposure
at 4°C, O — exposure at 26°C; * — difference is significant
as compared with the control, p < 0.05.

Doridna, Statna, and Astet were 35, 30, and
12.5%, respectively. This fact might prove that
the low positive temperature stimulated the pro-
cesses associated with morphogenetic develop-
ment, that subsequently ensured the regenerant plant
formation. To day 45 of low positive temperature
effect, the vernalization, and hense the VRN gene
expression were likely completed. It is known that
in the in vivo system, the effect of low positive
temperature for 45 days is enough to complete
vernalization in most soft winter wheat cultivars
[10, 12].

The results of study of a 45-day effect of low
temperature on rhizogenesis in callus culture
of all the studied wheat cultivars showed the
root formation to proceed much more intensi-
vely than in the control variant (Fig. 4C). No-
tably, that the wheat cultivars did not differ by
this index, since 100% of calluses formed the
roots. At the same time, in the control variant
of cv. Doridna and Astet the rhizogenesis was
different, as about 80% of calluses formed the
roots, and in cv. Statna it was 60%, thus testified
to the dependence of this process on cultivar geno-

type.
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BignoBinHo. llei ¢akT MOXKe CBITYUTH PO CTH-
MYJTIOBaHHS TIOHIKEHOIO TEMIIEPaTyporo TMPOIECiB,
MOB’s13aHUX 13 MOP(POTEHETHYHUM PO3BUTKOM, IO
B TopaiblIoMy 3abe3ledye MpoLec YTBOPEHHS
pociuH-pereHepanTis. Biporigno, mo Ha 45-1y 100y
Iil TOHIKEHOT TeMIIepaTypu 3aBEpLIYETbCS IPO-
Iec BepHaii3alii, a oTxke i ekcrpecii reHiB VRN.
Bimomo, mo y cucrtemi in vivo s 3aBepIICHHS
SPOBHU3AIi y OUIBIIOCTI COPTIB MIICHUIII O03UMOI
M’SIKOI JOCTaTHBO Iii MOHMKEHOI HMO3UTHUBHOI TEM-
nieparypu npotsirom 45 mi6 [11, 18].

Pesynpratn BuBueHHST 45-m000BOI 1ii MOHMKE-
HOT TeMIIepaTypy Ha MpoIlec PU30TeHE3Y Y KaIIOCHIH
KyJbTypi BCIX JOCIHI/DKYBaHMX COPTIB MIICHHUIII
MOKa3ajk, MI0 YTBOPEHHS KOPIHIIB BigOyBasocs
3HAYHO 1HTEHCHBHIIIE, HIXK Y KOHTPOJIBLHOMY BapiaHTi
(puc. 4, C). 3a3HauMMoO, IO COPTH IMIICHUIN HE
BIJIPI3HSUTHCS 32 IIMM TMOKa3HUKOM, OcKiabku 100%
KallfOCiB YTBOPWIIM KOpiHII. BomHOYac y KOHTPOIb-
HOMY BapiaHTi copTiB JopimHa i AcTer pu3oreHes
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Puc. 4. MopdoreHeTnyHi peakuii (xnopodinoreHes

(A), remoreHes (B) Tta pusoreHes (C)) nmicns 45-go6osoi
xornogoBoi ekcnosuuii (4°C) KamcHOI  KynbsTypu cop-
TiB MlweHuuyi 03umoi 3a KynbTvByBaHHA Ha PC: —
ekcnosuuist npu 4°C; O — ekcnosuuis npu 26°C; * — pi3Hu-
s 3HavyLla BiAHOCHO KoHTponto, p < 0,05.

Fig. 4. Morphogenetic responses (chlorophyllogenesis
(A), hemogenesis (B) and rhizogenesis (C)) after 45-day
cold exposure (4°C) of callus -culture of winter
wheat cultivars when cultured with RM: — exposure
at 4°C, g — exposure at 26°C; * — difference is signifi-
cant as compared with the control, p < 0.05.

Observations showed the effect of low positive
temperature within 45 days to induce formation
of developed roots and leaves (see Fig. 1D, E).
Assuming in our research the effect of low po-
sitive temperatures on calluses of soft winter
wheat cultivars to be an analogue of verna-
lization, during which the morphogenetic pro-
cesses, associated with the VRN gene expres-
sion might change, it was expedient to analyze
their dynamics. It is known that during in vivo
vernalization, the gradual changes in physio-
logical and biochemical processes, as well as
VRN gene expression, occur within a certain
time. Herewith, the impact of vernalization on
the soft winter wheat plant development is only
implemented when the expression is completed
[18].

The performed analysis showed the frequency
of morphogenetic processes after exposure to low
positive temperature to be higher in the calluses
of all the wheat cultivars, with except of the
temperature, which was optimal for cultivation,
but could not be the vernalization factor. This
may testify to the morphogenesis stimulation in
the in vitro culture by low possitive temperatures,
similar to the way this process occurs in vivo.



OyB pPI3HHM, OCKUJIbKM KOPiHII yTBOPWJIM OJN3BKO
80% kamrocis, a y copty Crarna — 60%, 1o cBia-
YUTh OO 3aJICKHICTh LBOTO MPOLECY BiJ TCHOTUITY
COpTY.

CrioctepexXeHHsl IOKa3ajiH, IO MAid IOHMXKe-
HOI TeMIIepaTypH NpoTsIroM 45 mid BUKIHKama Gop-
MYBaHHS PO3BHHEHUX KOPCHIB Ta JUCTS (IUB. pHC.
1, D, E). ¥V Hamomy Jocmifii MH TPHITYCKaIH, II0
BIUIMB TOHMXCHUX TEMIIEPaTyp Ha KaJIOCH COPTIB
MIICHUII 03UMOI M’SKOI € aHaJloroM SPOBU3AIIIl,
MPOTATOM SIKOT MOKJIMBI 3MiHM MOP(OTEHETHYHUX
MpoIeciB, MOB’s3aHUX 13 eKcirpecielo reHiB VRN,
ToMy OyJno IOLIIBHUM MpoaHaji3yBaTh iXHIO Iu-
Hamiky. Bimomo, 1o mijg wac spoBu3amii in vivo
MIPOTSTOM IIEBHOTO Yacy BiJOyBalOThCS MOCTYIOBI
3MiHH (Pi31070T0-010XIMIYHHX MTPOIECIB, & TAKOXK EKC-
mpecii reniB VRN. llpu 1poMmy BIDIMB SpOBH3a-
mii Ha PO3BHTOK POCIHH IIIECHHUINl M SKOI 03UMOI
pearizyeThCsl TIABKH IICIS 3aBEPIICHHS EKCIpecii
[22].

[IpoBenecHuii aHami3 Mokas3aB, IO Mics il 1O-
HW)KEHOT TeMIIepaTypH y Kalllocax yciX COpTIB IIiie-
HUIIl 9acTOTa MOP(OTCHETHYHHX TPOILIECIiB, 3a OKpe-
MHUMH BHHSITKaMH, Oyja BHIIOIO, HIJK MICJIsl BIUIHBY
TEMIIEPaTypH, SKa € ONTUMAIbHOIO Ui KYJIbTUBY-
BaHHs, aje He MOXe OyTH (haKTOpoM SpOBH3ALil.
Lle ™MoXe CBIZYUTH TPO CTUMYNIOBAaHHS IIOHU-
KEHUMH TeMmIeparypaMu MopQoreHesy y KyJabTypi
in vitro, omiOHO /O TOTO, SIK IeH mporec BiAOy-
Ba€ThCSl B YMOBax in vivo. JlaHe TpumymieHHs Mij-
TBEPIKYETHCS  pe3ylbTaTaMU  aHaJi3y JTHHAMIKH
JOCITIPKyBaHUX ITPOIIECIB.

PiBeHp cuHTE3y XJIOpodily y Kajgrocax COpPTY
JlopijiHa MakCUMaJIbHO IiJIBHIILyBaBCs Mmicis 45-10-
00BOi XOJIO/IOBOT EKCTO3MII, a y Kalrocax COpPTiB
CratHa 1 Acter Taka TEHJCHIIsI 30epirajiacsi mpo-
TSITOM YCBOTO TIEPiOAy TEPMOIHAYKLI MOPIBHIHO
3 KOHTPOJIEM.

YacToTa TeMoreHesy y Kaliocax YcCix COpTiB
IIICHHUI B YMOBaX XOJIO0BOTO BIIMBY Oyj1a BUILOO
32 KOHTpPOJb. 3HA4yllla Pi3HUIS BHSABJICHA Yy KOH-
TPOJBLHOMY 1 JOCTigZHOMY BapianTax copty Jlopim-
Ha. Y coptiB CtarHa i AcTeT MUHAMIKa TeMOTEHE3Y
Oyna omHakoBoro: Ha 15 ta 30 mobu — mixBHITYBa-
nmacs, a Ha 45 mo0y — 3HWXKyBalacs, MPU ITLOMY
3HAUHO TICPEBHIYBala TOKAa3HUKH KOHTPOJIBHOTO
BapiaHTa.

[Iponec puszorenesy, Ha BiaMiHy Bia xyopodino-
i reMOreHe3y, MEHIN 3ajJekaB Bia il TOHWUKEHOI
temneparypu. Tak, y kamtocax copriB JlopimHa i
Acter npotsirom 15 Ta 30 ni6 yacToTa pH3OreHe3y
Oyna NpPakTUYHO OAHAKOBOIO SIK Y KOHTPOJIBHOMY,
Tak 1 y [OCHIiTHOMY BapiaHTi. Y Kalrocax COpTy
CrarHa maHui TOKa3HUK iCTOTHO 3HIDKYyBaBcs Ha 15
ta 30 100M X0J010BOI ekcno3uLii. Y Kajrocax Jo-
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This assumption is supported by the results of
analysis of dynamics in the studied processes.

The level of chlorophyll synthesis in calluses
of cv. Doridna was maximum increased after
45-day cold exposure, but in those of cv. Statna
and Astet, this tendency was maintained during
the entire period of thermoinduction as com-
pared with the control.

The hemogenesis frequency in calluses of all
the wheat cultivars under cold exposure was higher
vs. the control. A significant difference was
found in the control and experimental variants of
cv. Doridnar. In cv. Statna and Astet, the dynamics
of hemogenesis was the same, i. e. it increased
to days 15 and 30, but decreased to day 45, while
significantly exceeded the indices of control
variant.

The rhizogenesis, in contrast to chlorophyll-
and hemogenesis, was less dependent on low
temperature impact. For example, in calluses of
cv. Doridna and Astet, the rhizogenesis frequency
was virtually the same within 15 and 30 days both
in the control and experimental variants. In those
of cv. Statna, this index was significantly decreased
to days 15 and 30 of cold exposure. In calluses
of the studied cultivars, the rhizogenesis occurred
more intensively to day 45 only, as compared with
the control.

These findings showed all the wheat cultivars
to have differences by morphogenesis dynamics,
which might be due to the response of their geno-
type to duration of low temperature effect. It is
known that various winter wheat cultivars need
different duration of vernalization (from 30 to
60 days) for transition to the generative state [12, 18].

Thus, our findings demonstrated a stimulating
effect of low positive temperature on morphogenetic
processes in the winter wheat in vitro culture,
which might testify to the ‘switching’ of the plant
development program from the vegetative to
generative one as the main criterion for implemen-
ting vernalization [10]. We believe that it may be
due to the vernalization processes associated with
the VRN genes expression, that occur in calluses.
If the integrity of plant organism is likely com-
promised, the functional stability of VRN gene
system, i. e. the need for vernalization, is kept.
This statement is confirmed by our previously
findings [4] and the reported data [22], accor-
ding to which the winter wheat cultivars showed
the change of recessive state to dominant VRN-BI
gene (the main repressor of its transition to ge-
nerative development) as occurred during verna-
lization. In addition, we have shown that
under in vitro conditions in the wheat isogenic
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CIII/PKYBaHUX COPTIB MOPIBHSIHO 3 KOHTPOJIEM PHU30-
reHe3 BigOyBaBcsl OUBII iHTEHCHUBHO TiJIbKH Ha 45
T00y.

Pesynbratn mokasanu, IO BCi COPTH MIICHU-
i Maju BiAMIHHOCTI 3a TUHAMIiKOIO MOp(hoTeHesy,
o0 Moke OyTH TIOB’SI3aHO 3 PEaKIie€l0 IXHbBOTO
TCHOTHUITY Ha TPUBATICTH [Iii TOHKEHOT TeMItepaTy-
pu. Bimomo, mo as mepexomy pi3HHUX COPTIB O3H-
MOI MIICHUIII JI0 TeHEPATUBHOTO CTaHy HEOOXiaHa
pizHa TpuBaicTh sipoBu3amii (Big 30 go 60 mid) [11,
22].

OTxe, onepKaHi pe3ysbTaTH BKa3ylOTb Ha CTH-
MYJTIOIOUY JAil0 TOHMXKEHOI TeMIeparypd Ha MOp-
(oreHeTHYHI MPOLECH Yy KYJIBTYpi in Vitro TIIEHHI
03MMOi, 10 MOXE CBIAYUTH PO «IEPEKIIOYCHHS»
MIPOrpaMu PO3BUTKY POCIMHU 3 BEreTaTWBHOI Ha
IEHEPaTUBHY $K OCHOBHOIO KpHUTEpilo 31iHCHEH-
Ha sposm3artii [18]. Ha mamry mymKy, mpuduHa 1mo-
JIATAE y TOMY, IO y KaJlFocaX MOXYTh BiIOyBaTHCS
SPOBM3AIlIHI TIpOLIECH, TOB’A3aHI 3 EKCIPECi€lo
reHiB VRN. BiporinHo, mo 3a yMOB MNOpYIICHHS
LIUTICHOCTI  POCIMHHOTO OpraHizMy 30epiraerbcs
(dyHKIIOHANBHA CTA0UIBHICTD CUCTEMHU TeHiB VRN,
T0OTO MOTpeba y sipoBu3anii. lle mosoxeHHS M-
TBEPIKYETbCS OACPKAaHMMHU HAaMH paHille pe3ylib-
tatamu [1] Ta miteparypHuME gaHumu [12], 3rigHO
3 SKUMHM Y COPTIB NILEHMII O3MMOi 3MiHa pele-
CUBHOTO CTaHy Ha JIOMiHaHTHWH TeHy VRN-BI
(ronoBHHUH pemnpecop ii mepexomy 10 TeHEepaTHBHOTO
PO3BUTKY) BiOyBaeThcs M 4ac spoBm3amii. Kpim
TOr0O HaMM II0Ka3aHO, II0 y i30T€HHUX 3a I'€HaMH
VRN-niHIf TIIEHUII B yMOBax in Vitro anmenbHUN
CTaH IXHIX JIOKYCIiB 30epiracTbcsi TAKUM, SIK 1 B yMO-
Bax in vivo [1, 15].

OTpumaHi pe3ynbTaTH Yy MOJANbIIOMY MOXYTb
BUKOPHCTOBYBATHUCS sl OOIPYHTYBaHHsSI HOBHUX Me-
TOAIB pPeryssiuii TeMIiB PO3BUTKY POCIHMH MIICHUII
03UMOT.

BucHoBku

3a pesynbTaTaMH EKCIEPUMEHTIB BCTAHOBICHO,
IO Jisl MO3UTHBHUX HU3bKUX TEMIIEparyp Ha Iepe-
CaJKOBY KaJTIOCHY KYJIBTYpPY COPTIB MIICHHUII M’ SKOT
03UMOI MPHUBOAMTL JI0 CTUMYJIFOBAHHS MOpP(OreHe-
TUYHUX MPOLECIB Y KYJIBTYPI in vitro — XJI10podisio-,
reMo- Ta PU30TEHE3Y.

1. AktuBamig xjiopodino- Ta reMoreHesy BinOy-
BAETHCS Y BCIX JOCHTIKYBaHUX COPTIB O3MMOI IIiIe-
Huni micas 15-, 30- ta 45-1000B0i (MakCHMAabHO)
XOJIOZOBOI EKCIIO3HII].

2. Iporiec pu3oreHe3y He 3aJICKUTh BijI TEPMOiH-
nykiii mpotsirom 15 Ta 30 1i6. [CTOTHO CTUMYITIOETH-
cs micns 45 mi6 gii moHmkeHnx temmeparyp (4°C)
y BCIX TOCITIDKyBaHUX COPTIB O3MMOI TIICHHUI —
Hopimua, CtatHa Ta ACTET.
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VRN lines, the allelic state of their loci remains
the same as in vivo [4, 6].

These findings may be further used to substan-
tiate the novel techniques for regulating the rates
of winter wheat plant development.

Conclusions

The results of the experiments revealed the
effect of low positive temperatures on the replanting
callus culture of soft winter wheat cultivars to
stimulate the morphogenetic processes in the
in vitro culture, i. e. chlorophyll-, hemo- and rhizo-
genesis.

1. Activation of chlorophyll- and hemogenesis
occurred in all the studied winter wheat cultivars
after 15-, 30-, and 45-day (maximum) cold expo-
sure.

2. Rhizogenesis did not depend on thermoin-
duction for 15 and 30 days. It was significantly
stimulated after 45 days of exposure to low
temperatures (4°C) in all the studied winter wheat
cultivars: Doridna, Statna and Astet.

3. The efficiency of morphogenetic processes
in callus culture in vitro depended on the genotype
of the original cultivar and cold exposure duration.
The cv. Doridna was the most sensitive to vernali-
zation pretreatment of calluses among the studied
winter wheat cultivars, in the calluses of which
under low temperature impact the hemogenesis
was activated within 33-46% vs. the control
variant.

4. It was established that under the activating
effect of low temperature (4°C) the vernali-
zation processes, associated with the VRN genes
expression occurred in the soft winter wheat in vitro
culture. This effect was manifested in a changed
frequency of morphogenetic processes similar to
the ‘switching” of the development program of
winter wheat under in vivo conditions during
vernalization.
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